int peripheral memory cells and tissue-resident memory cells. ''ExKLRG1'' memory cells retained high cytotoxic and proliferative capacity distinct from other populations, which contributed to effective anti-influenza and anti-tumor immunity. Our work demonstrates that developmental plasticity of KLRG1 + effector CD8 + T cells is important in promoting functionally versatile memory cells and long-term protective immunity.
INTRODUCTION

CD8
+ T cells are important in host protection from infectious and malignant diseases, and memory CD8 + T cell heterogeneity is a core feature of protective immune responses. Following a primary infection, naive CD8 + T cells are activated by antigenpresenting cells, clonally expand, and differentiate into shortlived effector and long-lived memory cell subsets (Jameson and Masopust, 2009; Mueller et al., 2013; Williams and Bevan, 2007) . Two subsets of circulating memory CD8 + T cells with distinct migratory and effector properties have been described: central-memory T (Tcm) and effector-memory T (Tem) cells. Tcm cells express the lymph node (LN) homing receptors CCR7 and CD62L and have a high proliferative capacity but exhibit low cytotoxicity. In contrast, Tem cells lack CCR7 and CD62L, home to non-lymphoid tissues, and have a lower proliferative capacity but display high cytotoxicity. In addition, tissue-resident memory T (Trm) cells constitute a recently identified memory cell lineage that does not recirculate but resides in barrier and non-barrier tissues (Mueller et al., 2013; Steinert et al., 2015) . Trm cells are phenotypically distinct from recirculating Tcm and Tem cells and represent the first line of defense upon reinfection at barrier sites, such as the skin and mucosal surfaces. However, considerable heterogeneity within each memory cell lineage has been reported (Kaech and Wherry, 2007; Mackay and Kallies, 2017) . For example, a recently identified peripheral memory T (Tpm) cell population, which expresses intermediate levels of CX 3 CR1, shares features of both Tcm and Tem cells and is chiefly responsible for the global surveillance of non-lymphoid tissues (Gerlach et al., 2016) . So far, it remains unclear whether such heterogeneity originates from different effector cell precursors or differential states of activation.
Killer cell lectin-like receptor subfamily G, member 1 (KLRG1) is induced in highly cytotoxic and proliferative effector CD8 + T cells that received strong cumulative T cell receptor and inflammatory signals (Joshi et al., 2007; Sarkar et al., 2008; Xin et al., 2016) . KLRG1, together with IL-7Ra, have been used as markers to identify effector CD8 + T cell subsets with distinct traits regarding effector function, migratory properties, longterm survival, and multi-lineage memory potential (Buchholz et al., 2016; Chang et al., 2014; Joshi et al., 2007 (Joshi et al., 2007; Mackay et al., 2013; Obar and Lefranç ois, 2010; Sheridan et al., 2014) . In contrast, effector CD8 + T cells that do not express KLRG1 (KLRG1 -IL-7Ra + ) have been referred to as memory precursor effector T (Tmpe) cells, which display increased survival during the contraction phase and retain developmental plasticity, as they are able to differentiate into multiple memory cell lineages, including Tcm, Tem, and Trm cells (Joshi et al., 2007; Mackay et al., 2013; Obar and Lefranç ois, 2010) . The efficient generation of Tmpe cells has been used as an immune parameter critical for long-term protective immunity, in particular at barrier sites (Araki et al., 2009; Mackay et al., 2013; Pearce et al., 2009; Sheridan et al., 2014) . However, the expression of proteins such as KLRG1 may not be stable but are subject to spatiotemporal regulation by cell-intrinsic and -extrinsic signals (Gerlach et al., 2016; Joshi et al., 2007; Plumlee et al., 2015; Sarkar et al., 2008; Wherry et al., 2003) , which may subsequently alter the fate of these effector cells. Whether KLRG1 + effector CD8 + T cell subsets display developmental plasticity, are able to efficiently differentiate into all memory cell lineages, and drive functional heterogeneity among distinct memory cell lineages remains unclear. So far, a fate mapping approach that tracks the fate of different subsets of effector CD8 + T cells in a dynamic and complex in vivo setting has not been reported. In this study, we employed a Klrg1 Cre reporter system, which enabled longitudinal tracking of KLRG1 + effector CD8 + T cells in vivo. By using this system, we demonstrated that KLRG1 + effector CD8 + T cells displayed developmental plasticity, as they were able to downregulate KLRG1 and to efficiently differentiate into all memory T cell lineages. We further showed that such plasticity was a driving force in generating phenotypic and functional diversity within Tcm, Tem, and Trm cells. Finally, we showed that exKLRG1 memory cells mounted highly effective anti-influenza and anti-tumor responses, highlighting the functional significance of plasticity in effector-to-memory CD8 + T cell differentiation.
RESULTS
Generation and Validation of Klrg1
Cre Reporter Mice
To investigate the role of plasticity in effector-to-memory CD8 Figures 1A and S1F ). On day 5, the intensity of Klrg1 and iCre mRNA expression correlated with the efficiency of DNA recombination in the Rosa26 locus ( Figure S1G ). Cre expression, as determined by fluorescence of eGFP-Cre fusion protein, was restricted to KLRG1 hi and KLRG1 int effector cells and eGFP-Cre expression was hardly detectable in KLRG1 lo effector cells ( Figure S1H ). The majority of the transferred KLRG1 + Reporter -effector OT-I cells were also faithfully tagged with the reporter 14 days after transfer ( Figure S1I ). Figures 1B and 1C) . We also detected long-lived exKLRG1 memory cells in the spleen and LN, where they represented 20% to 35% of the total memory OT-I cell population ( Figure 1D ). Remarkably, exKLRG1 and KLRG1 -Reporter -cells had a comparable potential to become long-lived memory CD8 + T cells, as revealed by the fold decrease in cell number between days 10 and 120 p.i. with LM ( Figure 1D ). Infection with VSV also induced long-lived exKLRG1 memory cells in the blood, spleen, and LN ( Figures 1E and 1F (Anderson et al., 2014) revealed that exKLRG1 memory OT-I cells were able to migrate to the lung parenchyma, while KLRG1 + memory OT-I cells could be detected only in the lung perivascular niche (Figures 2A-2C ). In the liver, a preferred site of LM colonization, exKLRG1 and KLRG1 -Reporter -memory OT-I cells expressed comparable levels of the Trm cell marker CD69 ( Figure 2D ). The number of exKLRG1 and KLRG1 -Reporter -Trm cells in the lung and liver was comparable and both liver Trm cell subsets were equally dependent on the survival factor IL-15 (Figures 2C and 2E) . Following infection with LM, about 50% of OT-I cells in the intraepithelial lymphocytes of the small intestine (SI-IEL) were exKLRG1 memory cells and KLRG1 + cells were largely excluded from this population ( Figure 2F ). Oral LM infection also generated exKLRG1 and KLRG1 T cells, which have previously expressed KLRG1, to differentiate into long-lived exKLRG1 Trm cells.
ExKLRG1 Effector CD8 + T Cells Express Key Molecules
Associated with Effector Function, Survival, and Proliferation at an Intermediate Level To better characterize the effector CD8 + T cell subsets that possess developmental plasticity, we first analyzed key molecules and transcription factors in effector cell subsets 8-11 days p.i. with LM. ExKLRG1 effector cells expressed intermediate levels of granzyme B (GzmB), T-bet, Ki-67, and Bcl-2 and similar levels of TCF-1 compared to KLRG1 -
Reporter
-effector cells ( Figure 3A ). In addition, exKLRG1 effector cells expressed intermediate levels of Zeb2, Prdm1, and Bach2 ( Figure 3B ). The expression level of GzmB, T-bet, Ki-67, and Bcl-2 in exKLRG1 cells was closely associated with the expression levels observed in Tdpe cells ( Figure S3 ). Following infection with LM, effector CD8 + T cells rapidly upregulated CX 3 CR1, which is used to identify three distinct effector CD8 + T cell subsets with different capacities to generate memory cells (Bö ttcher et al., 2015; Gerlach et al., 2016) , but only KLRG1 + and exKLRG1 cells were able to maintain CX 3 CR1 expression during the early memory phase (30-60 days p.i.) ( Figures 3C and 3D ). IL-7Ra expression was downregulated in all effector cell subsets before the peak of expansion (day 5-6 p.i.) ( Figure 3C 
and S4D). ExKLRG1 cells derived from KLRG1
+ Reporter + cells, however, displayed higher levels of IL-7Ra and CD62L and lower levels of CX 3 CR1 compared to cells that did not lose KLRG1 12 and 28 days p.i. (Figures S4E and S4F ). These results are consistent with our findings of higher IL-7Ra and CD62L and lower CX 3 CR1 expression in exKLRG1 cells than KLRG1 + cells during memory CD8 + T cell differentiation ( Figures 3C-3E ).
We then isolated KLRG1 Figure S4H ).
These results are in line with our findings in Figure 1D and The analysis of signature genes involved in CD8 + T cell differentiation and function revealed that exKLRG1 memory cells had an intermediate expression level of Tem cell-associated molecules (Gzma, Zeb2, Prdm1, S1pr5, Cx3cr1, and Tcm cellassociated molecules (Id3, Socs3, Bach2, Myc, Bcl-2, Eomes, CD62L, CXCR3, CD43, and CCR7) (Figures S5C-S5G; Best et al., 2013; Bö ttcher et al., 2015; Dominguez et al., 2015; Xin et al., 2016; Yang et al., 2011 We found that exKLRG1 cells in the blood expressed intermediate levels of CX 3 CR1 7-60 days p.i. (Figure 3D ), and expression of CX 3 CR1 was higher in circulating exKLRG1 Tem compared to exKLRG1 Tcm cells ( Figure S5H ). However, CX 3 CR1 expression on exKLRG1 memory cells was decreased by day 299 p.i. (Figure 3D ). Figure S5M ). In contrast, the frequency of IL-2-and IFN-g-producing cells upon re-stimulation with OVA peptide in vitro was similar between exKLRG1 and KLRG1 -Reporter -memory CD8 + T cells ( Figure S5N and data not shown). These results indicate that exKLRG1 memory cells acquire many features of KLRG1 -Reporter -memory cells while retaining some characteristics reminiscent of their KLRG1 + effector cell origin.
ExKLRG1 Tcm and Tem Cells Retain High Responsiveness to IL-12
Bystander-mediated activation of memory CD8 + T cells is a key element in the early step of limiting pathogen invasion and requires responsiveness to inflammatory cytokines but is independent of cognate antigen recognition (Chu et al., 2013; Soudja et al., 2012) . We next investigated the responsiveness of exKLRG1 memory cells to inflammatory cytokines (IL-12 The increased cognate antigen-independent production of IFNg in exKLRG1 Tem cells was also confirmed in vivo by analyzing the recall response to wild-type Listeria monocytogenes, which did not express OVA antigen ( Figure 5C 
ExKLRG1 Trm Cells Retain High Cytotoxic Capacity
We next investigated whether developmental plasticity of KLRG1 + effector CD8 + T cells also generated diversity among Trm cells. We found that the majority of CD69 + Trm cells in the liver expressed high levels of GzmB ( Figure 5D ). However, a higher frequency of CD69 + exKLRG1 Trm cells expressed GzmB compared to CD69 + KLRG1 -Reporter -Trm cells (Figure 5E ). We next analyzed the Trm cell subsets that were generated in the small intestine epithelium after oral infection with LM ( Figure 2H ). Both CD103 + and CD103 -exKLRG1 Trm cells in the small intestine epithelium produced more GzmB than their KLRG1 -Reporter -Trm cell counterparts ( Figure 5F ). These results indicate that similar to Tcm and Tem cells, Trm cells display functional diversity, which originates from two different effector cell populations, namely KLRG1 + and KLRG1 -cells.
ExKLRG1 Memory CD8 + T Cells Mount Highly Effective
Anti-Viral and Anti-Tumor Responses We next determined the ability of exKLRG1 memory cells to mediate protective immunity ( Figure 6A ). Although KLRG1 Mean ± SEM are shown. *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001 (unpaired two-tailed Student's t test). The data are representative of two (C-F) or three (A, B) independent experiment with 3-7 mice. See also Figure S5 .
not KLRG1 -Reporter -memory cells, provided optimal anti-influenza immunity ( Figure 6C ). ExKLRG1 cells in the lung quickly reexpressed KLRG1 and upregulated the cytotoxicity marker CD107a to a level comparable to KLRG1 + cells (Figures 6D and 6E) , indicating that cytolytic activity, rather than recall proliferation, correlated with enhanced protection, which is consistent with published results (Olson et al., 2013 Figure S7A ). As previously reported (Roychoudhuri et al., 2016) , Bach2 deficiency in naive OT-I cells led to a decrease in the total number of OT-I cells in the blood by day 10 p.i. with LM ( Figure S7B ). Accordingly, the number of KLRG1 Bach2 only in effector cells that expressed KLRG1 ( Figure S7D ). Yu, B., Zhang, K., Milner, J.J., Toma, C., Chen, R., Scott-Browne, J.P., Pereira, R.M., Crotty, S., Chang, J.T., Pipkin, M.E., et al. (2017) . Epigenetic landscapes reveal transcription factors that regulate CD8 + T cell differentiation. Nat.
Immunol. 18, 573-582.
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Further information and requests for resources and reagents should be directed to and will be fulfilled by the Lead Contact, Richard A. Flavell (richard.flavell@yale.edu).
EXPERIMENTAL MODEL AND SUBJECT DETAILS
Mice OT-I (Jax 003831), UBC-GFP (Jax 004353), Rosa26 eYFP (Jax 006148), Rosa26 tdTomato (Jax 007908) mice were obtained from the Jackson Laboratory and Rag2 À/À mice (RAGN12) were obtained from Taconic Biosciences. Bach2 flox/flox and Rosa26 Bach2 mice have been described previously (Kometani et al., 2013; Kuwahara et al., 2016) . C57BL/6-Ly5.2/Cr (CD45.1) congenic mice were obtained from the National Cancer Institute. C57BL/6 mice were obtained from the National Cancer Institute, Charles River Laboratories and CLEA Japan. All animal studies were performed in accordance with the guidelines of the Office of Animal Research Support of Yale University and the Animal Experiment Committee of the RIKEN Yokohama Institute.
Generation of Klrg1
Cre Mice Klrg1
Cre mice were generated with a standard cloning strategy. Homologous arms of the Klrg1 locus were isolated from genomic DNA by PCR. A 2.5 kb fragment containing exons 4 and 5 was used as the 5 0 homology region and a 2.7 kb fragment containing 3 0 UTR was used as the 3 0 homology region. The homologous arms were cloned into a reporter plasmid containing a Frt-flanked Neomycin resistance gene (Neo), a thymidine kinase, and a fragment encoding an IRES-eGFP-iCre fusion protein. The reporter cassette was introduced immediately after the stop codon to avoid disruption of cis-regulatory elements in the 3 0 UTR and the polyadenylation signal. The targeting vector was electroporated into C57BL/6-derived JM8A ES cells. After the selection with G418, correctly targeted clones were identified by PCR. To obtain chimeric mice, correctly targeted ES clones were injected into C57BL/6 blastocysts, which were then implanted into CD1 pseudopregnant foster mothers. Male chimeras were bred with C57BL/6 to screen for germline transmitted offspring. Germline transmitted mice were bred with FLPo (Jax 011065) mice to remove the Neo gene.
Generation of Bach2
Flag Mice
To generate Bach2 Flag mice, homologous arms of the Bach2 locus were cloned from genomic DNA by PCR. A 6.5 kb fragment was used as the 5 0 homology region and a 2.5 kb fragment was used as the 3 0 homology region. The homologous arms were cloned into a reporter plasmid containing a Frt-flanked Neo gene, a diphtheria toxin A (DTA), and a 3 3 Flag-tag which was inserted after the first methionine. The targeting vector was electroporated into C57BL/6-derived Bruce4 ES cells. After the selection with G418, correctly targeted clones were identified by PCR. The targeted ES clones were injected into blastocysts from BALB/c mice. The obtained chimeric mice were crossed with C57BL/6 mice to obtain germline transmitted animals. To remove the Neo cassette, the mice were further crossed to CAG-Flpe mice (Kanki et al., 2006 
Intravascular CD8 + T Cell Staining
Mice were injected i.v. (retro-orbital) with 2 mg of anti-CD8a phycoerythrin antibody diluted in 100 mL of sterile PBS as previously described (Anderson et al., 2014) . Mice were euthanized and tissues were collected five minutes after injection of the anti-CD8a antibody.
Isolation of Lymphocytes from Non-Lymphoid Organs
Peripheral blood lymphocytes were isolated from retro-orbital vein of infected mice. Liver and lung cell homogenates were digested for 1 hour at 37 C with digestion buffer (RPMI 1640 + 5% FBS + 100 U/ml DNase I [Sigma-Aldrich] + 0.2 mg/mL Collagenase IV [Sigma-Aldrich]). Liver homogenates were centrifuged at 300 rpm for 3 min to remove hepatocytes, and lung homogenates were run through a 70 mm cell strainer (BD Biosciences). Non-hepatic supernatant and lung lymphocytes were centrifuged at 1500 rpm for 10 min. The cell pellet was resuspended in 1 mL of RPMI 1640 + 5% FBS and mixed with 4 mL of 27.5% OptiPrep (Axis-Shield). To make a gradient, 1 mL of RPMI 1640 was layered on top of the cells, and centrifuged at 2000 rpm for 20 min. Lymphocytes were removed from the interface of the gradient. To isolate intraepithelial lymphocytes (IEL), small intestines were opened longitudinally and washed. Small intestines were then cut into short segments, which were transferred into 50 mL conical tubes, and incubated for 30 min at 37 C with gentle shaking in RPMI 1640 containing 2% FBS, 2 mM EDTA, and 1 mM dithioerythritol. Cell suspensions were passed through a 70 mm cell strainer. The cells were resuspended in 4 mL of 40% Percoll (GE Healthcare), and 4 mL of 80% Percoll was underlayed in a 15 mL conical tube. Percoll gradient separation was performed by centrifugation for 20 min at 600 x g at room temperature. IEL were collected at the interphase of the Percoll gradient. Tumor-infiltrating cell were isolated with mechanical disruption of the tumor through a 70 mm cell strainer and resuspended in 40% Percoll solution (GE Healthcare). Cells were collected from the interface of a 40:80 Percoll gradient after centrifugation at 2000 rpm for 20 min.
Intravital Two-Photon Microscopy Transferred Klrg1
Cre/+ Rosa26 tdTomato/+ UBC-GFP + OT-I cells in the foot skin were imaged by an inverted TCS SP8 multiphoton microscope (Leica Microsystems) equipped with an HC FLUOTAR L 25 3 /0.95 W VISIR objective lens (Leica Microsystems) and four non-descanned Hybrid Detectors (Leica Microsystems). Multiphoton excitation was provided by a Chameleon Vision II Ti:Sapphire laser (Coherent) tuned to 910 nm and a Chameleon Compact OPO-converted Chameleon Ultra II Ti:Sapphire laser (Coherent) tuned to 1110 nm. For image acquisition, 466 mm 3 466 mm x-y planes were scanned at a resolution of 0.9 mm per pixel and images of 21-29 x-y planes with 3 mm z spacing were formed after averaging eight video frames for each x-y plane. Three-dimensional stacks were captured every 30cs. Emission signals were separated by a dichroic mirror at 560 nm and then further separated by a dichroic mirror at 495 nm. A 460/50-nm emission filter was used for DAPI and second harmonic generation (SHG), a 525/50-nm emission filter for GFP, and a 585/40-nm emission filter for tdTomato.
Tissue Clearing
Tissue clearing was performed as reported previously (Tainaka et al., 2014) . Briefly, small intestines and foot skins were fixed with 4% paraformaldehyde, washed with PBS, and then immersed in Reagent 1 containing 25% urea (Nacalai Tesque), 25% N,N,N',N'-tetrakis(2-hydroxypropyl) ethylenediamine (Tokyo Chemical Industry), and 15% polyethylene glycol mono-p-isooctylphenyl ether/Triton X-100 (Nacalai Tesque). Samples were stored at 4 C in the dark until imaging.
RNA-Seq and Bioinformatics Analysis
Memory OT-I cell subsets were isolated from the spleen 104-110 days p.i. with LM and 70 days p.i. with VSV. Total RNA was extracted from at least 1 3 10 5 cells derived from 5-8 mice using TRIzol reagent (Thermo Fisher Scientific). For OT-I memory cell subsets isolated from LM-infected mice, the DNA library was constructed with a SureSelect Strand-Specific RNA Library Prep for Illumina Multiplexed Sequencing (Agilent) according to manufacturer's instruction. The size range of the resulting DNA library was estimated on a 2100 Bioanalyzer (Agilent). After checking the molar concentration by qPCR using a KAPA Library Quantification Kit (Kapa Biosystems), the DNA library was subjected to sequencing on a HiSeq 1500 sequencer (Illumina) in a 49-bp single read mode. For OT-I memory cell subsets isolated from VSV-infected mice, the DNA library was subjected to sequencing on a HiSeq 2500 sequencer (Illumina) in a 75 bp paired-end read mode. The raw data were processed with CASAVA 1.8.2 (Illumina) to generate fastq files. The sequence reads were aligned to the Mus musculus reference genome (GRCm38/mm10) using TopHat2 version 2.0.8 (Kim et al., 2013) . Cufflinks version 2.1.1 (Trapnell et al., 2010) was used to calculate the fragments per kilobase of transcript per million fragments mapped (FPKM). Principal component analysis (PCA) was performed with R (http://www.r-project.org/), and visualization generated with ggplot2 package (Wickham, 2009 ). The Venn diagram was generated with VennDiagram package (Chen and Boutros, 2011). To identify differentially regulated genes, an absolute 1.5-fold-change difference between any two samples and FDR (Benjamini-Hochberg) % 0.1 was used.
ATAC-Seq
To profile open chromatin, we used the ATAC-seq protocol developed by (Buenrostro et al., 2015) . In brief, 5 3 10 4 naive and effector (8 days p.i. with LM) OT-I cell subsets from the spleen were sorted, centrifuged in cold PBS buffer for 5 min at 500 g, resuspended in 100 mL cold lysis buffer, and centrifuged immediately for 10 min at 500 g. The nuclei pellets were resuspended in the transposition reaction mix (Nextera DNA Library Preparation Kit, Illumina) and incubated at 37 C for 30 min. Immediately following transposition, a MinElute PCR Purification Kit (Qiagen) was used to purify DNA. To amplify transposed DNA fragments, PCR with barcoded PCR primers (Buenrostro et al., 2013) and NEBNext High-Fidelity 2x PCR Master Mix (New England Biolabs) was performed. To reduce GC and size bias in PCR, the appropriate number of PCR cycles was determined using qPCR. The amplified library was purified using a MinElute PCR Purification Kit. ATAC-seq libraries were sequenced using Illumina HiSeq2500 (75 bp; paired-end), at an average sequencing depth per sample of 35 million reads.
Raw sequencing reads were first processed with cutadapt-1. 8.3 (Martin, 2011) to trim adapters. Bowtie-2 (Langmead and Salzberg, 2012) was used then to align the trimmed reads to the mouse genome mm10 with default parameters. Duplicated reads were marked and removed from the analysis with Picard MarkDuplicate tool (http://broadinstitute.github.io/picard). Subsequently, BEDTools (Quinlan and Hall, 2010) was used to turn the alignment file to a bed file, which was the input of MACS2 (Zhang et al., 2008) to call peaks and produce BedGraph files. Visualizations of coverage on regions of interest were produced with IGV (Robinson et al., 2011) .
Quantitative Reverse Transcription PCR (RT-PCR) Analysis RNA was reverse transcribed into a single-strand cDNA using SuperScript III Reverse Transcriptase (Thermo Fisher Scientific). Quantitative RT-PCR was performed on a 7500 Fast Real-Time PCR system (Applied Biosystems) or a CFX96 Real-Time System (Bio-Rad) using a SYBR FAST universal qPCR kit (KAPA Biosystems). Expression values were calculated using the comparative threshold cycle method and normalized to mouse Actb. Sequence-specific oligonucleotide primers were designed using Primer3Plus software, qPrimerDepot or were described elsewhere (Dominguez et al., 2015; Endrizzi and Jameson, 2003; Pillai et al., 2016) . The oligonucleotide sequences are listed in the STAR methods section.
In Vitro Cell Cultures Naive CD8 + T cells were isolated from the spleen of C57BL/6J mice and were stimulated with Dynabeads Mouse T-Activator CD3/ CD28 (Life Technologies) in the presence of 5 ng/mL of rIL-2 (R&D) for 2 days. Where indicated, 20 ng/mL of rapamycin or 1.0 mM of Foxo1 inhibitor (AS1842856; Calbiochem) was added to culture medium. For retroviral transduction assay, naive CD8 + T cells were stimulated as described above for 2 days and were spin-infected with retrovirus produced from pMCs-mock-IRES-GFP vector or pMCs-Foxo1-CA-IRES-GFP vector (Harada et al., 2010) . 48 h after transduction, the GFP + cells were sorted using a FACSAriaII for quantitative RT-PCR analysis. For the in vitro IFN-g production assay, splenocytes were stimulated with rIL-12 (Peprotech; 50 ng/mL) in combination with rIL-15 (Peprotech; 50 ng/mL) or rIFN-a/b (PBL Assay Science; 250 units/mL each) for 7 hours in the presence of Protein Transport Inhibitor (BD Biosciences).
Immunoblot Analysis
Cells were sorted and cell extracts were prepared using a Nuclear Extract Kit (Active Motif). The cell lysates were separated on 5%-20% SDS-PAGE and transferred to a PVDF membrane (Merck). The membrane was immunoblotted with anti-Bach2 (ab83364, Abcam), anti-FLAG (M2, Sigma-Aldrich), and anti-Actin (C-11, Santa Cruz Biotechnology). The blots were visualized with the SuperSignal West Femto Maximum Sensitivity Substrate (Thermo Fisher Scientific).
STATISTICAL ANALYSIS
All data were presented as mean ± standard error of the means (SEM). Comparisons between groups were analyzed by unpaired two-tailed Student's t test or two-way ANOVA. Statistical analysis was performed using Prism 6 (GraphPad). * p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001.
DATA AND SOFTWARE AVAILABILITY
Next-generation sequencing data have been deposited in Gene Expression Omnibus (GEO, NCBI) under SuperSeries accession code GSE110707, which includes individual data sets GSE110629 (RNA-seq; LM), GSE110706 (RNA-seq; VSV), and GSE110876 (ATAC-seq).
